Introduction {#Sec1}
============

Group A rotavirus (RVA) and bovine coronavirus (BCoV) are the two main viral enteropathogens associated with neonatal calf diarrhea (Afshari Safavi et al. [@CR2]). Rotavirus is a non-enveloped virus, with a triple-layered capsid with eleven segments of double-stranded RNA. In bovine hosts, only G6, G8, and G10 RVAs associated with P\[5\], P\[11\], and P\[1\] were found to be epidemiologically relevant (Badaracco et al. [@CR5]). Bovine CoV is an enveloped virus that possesses a non-segmented single-stranded RNA genome of positive polarity. The ribonucleoprotein is formed by the RNA genome with N nucleoprotein in helical symmetry with an envelope constituted with several membrane proteins (M, E, HE, S) (Bok et al. [@CR11]). For molecular characterization, the hypervariable region of the subunits 1 (N-terminal half) of the S protein is commonly used (Brandão et al. [@CR12]).

At present, the surveys of bovine RVA and BCoV in Argentina come from herds located in the Pampa, Mesopotamic, Patagonic, and Cuyo regions (Fig. [1b](#Fig1){ref-type="fig"}), where the most widely distributed genotypes of bovine RVA were G6 and G10 associated to P\[5\] and P\[11\], where the combinations G6P\[11\] and G10P\[11\] were found in dairy herds, while in beef farms, G6P\[5\] was the prevalent strain (Badaracco et al. [@CR5], [@CR7]). Phylogenetics studies of BCoV from Argentinean strains showed that they are distantly related to Mebus reference strain included in the available commercial vaccines, but all strains conform a unique serogroup (Bok et al. [@CR11]).Fig. 1Salta province and distribution of bovine stocks in Argentina. Black arrows pointing different provinces of Argentina with RVA circulation

The objective of this work was to study the relevance of RVA and BCoV and their association to diarrheas in beef and dairy calves from herds of Lerma Valley, province of Salta, in the northwest of Argentina.

Materials and methods {#Sec2}
=====================

Lerma Valley is located in Salta province from Argentina, covering an area of 17,000 Km^2^, between 1,100 and 1,450 m above sea level (Martinez [@CR23]) (Fig. [1](#Fig1){ref-type="fig"}). There are a total of 51 dairy farms (32 commercial and the rest considered small subsistence economies), with approximately 6500 Holstein cows in milking each (Suarez and Martinez [@CR25]). Beef herds represent 11% of the total bovine stock of the province where farmers breed Bradford, Brangus, and autochthonous cattle under extensive production systems, where they do not use vaccines to prevent neonatal calf diarrhea.

To conduct the survey, the size of the sample was estimated using the proMESA.mdb software with 95% confidence interval and 20% standard error considering a 14% diarrhea rate over a total of 3615 dairy calves while in beef herds over a total of 1055 calves with a 25% diarrhea rate. The estimated sample size was 508 and 227 samples from dairy and beef herds, respectively (Geurden et al. [@CR15]). Between the years 2014 and 2016, calves with or without diarrhea younger than 2 months of age from each farm were randomly selected and sampled (19 dairy farms and 20 beef farms). Samples were taken directly from the rectum. One aliquot of each sample was stored in vials in a 10% (W/V) suspension in phosphate-buffered saline pH 7.4 (PBS) and preserved at -- 70 and -- 20 °C until BCoV and RVA detection, respectively.

The RVA antigen detection was carried out using a polyclonal double sandwich ELISA (Garaicoechea et al. [@CR14]), and BCoV antigen detection was conducted by a monoclonal capture ELISA kindly supplied by Dr. LJ Saif, Food Animal Health Research Program, The Ohio State University, USA (Bok et al. [@CR11]). Rotaviruses G-, P- and E-type were determined by heminested multiplex RT-PCR as previously described (Gouvea et al. [@CR17]; Badaracco et al. [@CR6]; Louge Uriarte et al. [@CR22]). Coronavirus was determined by RT-PCR of S1 and S2 glycoprotein gene following standard protocols described elsewhere (Bok et al. [@CR11]).

Bovine RVA (INDIANA, G6(IV)P\[5\]; B223, G10P\[11\]; NCDV-Cody I801, G8P\[1\]) and BCoV (Mebus) were included as positive controls for typing analysis. The Argentinean field strains RVA/Cow-wt/ARG/B61/1997/G6P\[11\] (Garaicoechea et al. [@CR14]) and BCoV Arg95 (Bok et al. [@CR11]) were also included as local positive controls. The nucleotide sequencing of VP7 and VP8 encoding genes of selected samples was performed in an ABI-Prism 377 DNA sequencer (Perkin-Elmer, Applied Biosystems) at the sequencing service of the Biotechnology Institute (INTA, Argentina), with the same primers used in the RVA and BCoV RT-PCR assays.

The accession numbers for the RVA G6 sequences are MN177508-MN177509, for the G10 sequences are MN177510-MN177512, for the G15 sequences are MN177505- MN177507, for the P\[11\] sequences are MN177513-MN177517, for the E12 sequences are MN199234, and for BCoV S2 gene is MN199235.

Sequences were aligned using default parameters of BioEdit 7.1.3.0 (Hall [@CR18]). The best-fit model of sequence evolution was estimated (Kalyaanamoorthy et al. [@CR20]) for an inferred maximum likelihood tree using MEGA software versión 7.0.21 (Kumar et al. [@CR21]) and IQ-TREE multicore version 1.6.7 using 1.000 bootstrap replicates as statistical support (Hoang et al. [@CR19]). Trees were edited and drawn with FigTree 1.4.3 (<http://figtree.googlecode.com/>).

The comparisons between neonatal calf diarrhea and virus infection rates found in dairy vs. beef herds were evaluated by Chi-square method. Risk factors' significance were evaluated by Fisher's Exact Test using the GraphPad Prism version® for Windows 5.00 statistical software; *p* value \< 0.05 was considered for significance.

Results {#Sec3}
=======

The total samples collected at the end of the study covered 97% (794/819) of the estimated sample size (dairy, 484 calves, 19 farms; beef, 311 calves, 20 farms). The amount of calves sampled represented 17% of the total estimated stock of calves in the Lerma Valley at that moment and 59% (19 out of 32) of the commercial dairy farms of the Valley. Regarding the beef farms, we were able to study 20 herds including the largest farm in the region and other different herds considered small subsistence economies. Bovine RVA rate was 9.5 (46/484) and 63% (12/19) of the calves and dairy farms, respectively, while BCoV rates in calves and dairy farms were 0.4 (2/484) and 10.5% (2/19), respectively. In beef herds, RVA rate was 40% (8/20) and in beef calves was 6.7% (21/311). There was no detection BCoV in beef farms. Of the dairy and beef calves shedding RVA, 58.7 (27/46) and 38.1% (8/21) were diarrheic, respectively, and they showed higher risk of suffering diarrhea than not infected calves OR 2.8 (*p* = 0.001, two-sided) and OR 2.09 (*p* = 0.04, two-sided), respectively.

In dairy farms, 50% (6/12) of samples were classified as G6P\[11\] and G10P\[11\]. A mixed infection of G6 + G10P\[11\] was detected only in one case. Partial typing (G?P\[11\]) was encountered once. In beef farms, G10P\[11\] was the prevalent strain (38% 3/8), while G6P\[11\] was 12.5% (1/8), mixed infections were 12.5% (1/8), and co-infections was 25% (2/8). Typing results of the VP7 and VP4 encoding genes of RVA strains were confirmed by sequence analysis, and 13 sequences were obtained (Table [1](#Tab1){ref-type="table"}). Circulation of a G15P\[11\] strain was detected in one beef herd, where 62% (20/32) of the calves were diarrheic of which 30% (6/20) were positive to RVA and three samples (SVLG4, SVLG5, and SVLG12) were confirmed as G15P\[11\] by sequence analysis.Table 1RVA detection rate and odds ratio associated to neonatal calf diarrhea and RVA G and P strain typing characterization in dairy and beef farms of Lerma Valley, Salta Province, Argentina (from 2014 to 2016)Productive systemRVA positives calves with diarrheaRisk of diarrheaRVA GenotypesOdds ratioCI 95%p valueG6P\[11\]G10P\[11\]G?P\[11\]\*Mixed infection\*\*Co-infectionUntyped samples (negative)TotalSequences analyzed by farmDairy27/462.81.5, 5.20.0016111\*03127Beef8/212.11.1, 3.80.041301\*\*2\*\*\*186Total35/67------7412242013CI 95%, confidence interval 95%Mixed infection, two calves in the same herd excreting different strains: \* G10P\[11\] and G6P\[11\]; \*\* G15P\[11\] and G6P\[11\]Co-infection, one calf excreting two strains: \*\*\* G10 P\[11\] + G6 P\[11\]

The phylogenetic analysis of the G15 strains showed that they clustered together in a monophyletic group (bootstrap of 100%). These viruses were different from the previously G15 strains detected in India (85% of similarity) and Japan (87% of similarity) (Fig. [2a](#Fig2){ref-type="fig"}). The phylogenetic analysis showed that VLST_2 and VLST_19 strains belonged to G6 genotype and clustered (bootstrap of 99%) within lineage III (Hun-4 like) (Fig. [2b](#Fig2){ref-type="fig"}), and G10 genotype strains showed that one strain from a dairy farm (VLS--T) and two strains from beef farms (VLS-C3 and VLS-C4) grouped within the IV lineage, together with strains from Argentina and Brazil (bootstrap of 86%) (Fig. [3a](#Fig3){ref-type="fig"}).Fig. 2**a** Phylogenetic tree of the G15 genotype constructed with the NJ method (bootstrap of 1000). Nucleotide sequences are obtained in this study and GenBank available sequences. Red semicircle shows where Salta bovine strains grouped. Red letters are bovine strains from Salta. **b** Phylogenetic tree of the G6 genotype is constructed with the NJ method (bootstrap of 1000). Nucleotide sequences from strains are obtained in this survey and GenBank available sequences. Semicircles show different G6 lineages. Red semicircle shows where Salta bovine strains grouped. Red letters are bovine RVA strains from SaltaFig. 3**a** Phylogenetic tree of the G10 genotype constructed with the NJ method (bootstrap of 1000). Nucleotide sequences are obtained in this study and GenBank available sequences. Brackets on the right show different G10 lineages. Semicircles show different G10 lineages. Red semicircle shows where Salta bovine strains grouped. Red letters are bovine strains from Salta. **b** Phylogenetic tree of the P\[11\] genotype is constructed with the NJ method and a bootstrap of 1000, showing amino acid sequences obtained in this study and Gen Bank available sequences. Brackets in the right show different P\[11\] lineages. Blue square shows where Salta bovine strains grouped. Red letters are bovine RVA strains from Salta

The phylogenetic analysis of the VP4 genes shows that all strains from dairy (VLST_5; VLST_7; VLST_8a; VLST_8) and beef (VLSG- G15P\[11\]) farm from Salta belonged to P\[11\] genotype. All strains were grouped in a single branch within the lineage III (bootstrap 98%), whit other strains detected in Argentina (Fig. [3b](#Fig3){ref-type="fig"}).

The NSP4 gene of SVLG4 (G15P\[11\]) strain was classified as E12 genotype and grouped together (bootstrap of 100%) with other RVA strains detected in cattle, guanacos, and horses from Argentina (Fig. [4a](#Fig4){ref-type="fig"}).Fig. 4**a** Phylogenetic tree of the E12 genotype constructed with the NJ method and a bootstrap of 1000, showing nucleotide sequences obtained in this study and Gen Bank available sequences. Red semicircle shows where Salta bovine strains grouped. Red letters are bovine RVA strains from Salta. **b** Phylogenetic tree of the S2 protein of BCoV is constructed with the NJ method and a bootstrap of 1000, showing nucleotide sequences obtained in this study and Gen Bank available sequences. Red semicircle shows where Salta bovine strains grouped. Violet letters are bovine RVA strains from Salta

Bovine CoV was confirmed by the sequencing of a segment of the S2 gene of SalVLD strain from a dairy farm and grouped together with other BCoV strains circulating in Argentina, with high similarity to Arg95 strain (96%) (Fig. [4b](#Fig4){ref-type="fig"}).

Discussion {#Sec4}
==========

The RVA detection rate in dairy farms observed in this study (63%) was similar to the prevalence reported in other countries and in other regions of Argentina (Barbosa et al. [@CR8]; Bartels et al. [@CR9]; Badaracco et al. [@CR6]; Miño et al. [@CR24]). Furthermore, RVA detection rate in calves of dairy farms (9.5%) was similar to rates reported in Brazil and in other regions of Argentina (Caruzo Ramos et al. [@CR13]; Ammar et al. [@CR4]). In beef farms, RVA detection rate in calves (6.7%) was similar to that reported in Japan (Abe et al. [@CR1]) but lower than rates reported in France and Brazil (Bendali et al. [@CR10]; Alfieri et al. [@CR3]). Higher rates in dairy and beef farms were obtained in other regions of Argentina (Badaracco et al. [@CR6]), but those rates were estimated only from diarrheic calves.

In our survey, all the strains detected in dairy and beef herds were P\[11\](III) and clustered together with other strains from Argentina (Badaracco et al. [@CR5], [@CR7]). Interestingly, in contrast with the findings reported in other regions of the country, we did not detect P\[5\] strains circulating in Salta province. However, there was a broad variation of the VP7 gene and lineages, where G6 lineage III and G10 lineage VI strains were found in dairy farms, with G6P\[11\] being the most frequent association, while in beef farms, G10 lineage VI, G6 lineage III, and G15 genotypes were detected, with G10P\[11\] strains being the most frequent combination found. There was a close genetic relationship among the strains isolated in this survey and other strains from Argentina, maybe for the fact that dairy production systems in Salta province are similar to those found in the rest of the country, and the cattle stock reposition comes from the regions where previous studies were conducted. The result of the RVA epidemiology found in beef herds was quite different to the results of the Pampa region. The beef farms from Salta show the same profile than the dairy herds (from Salta and the rest of the country). One possible reason for this finding is the fact that males stay with the females leading to calf births throughout the year, allowing the presence of susceptible calves all year around resulting in a most diverse RVA genotype, supporting our previous hypothesis (Badaracco et al. [@CR6]; [@CR5], [@CR7]).

The detection of RVA G15P\[11\] as the established strain in a beef farm is an important finding. This is the first time that a G15P\[11\] RVA is associated with an outbreak of diarrhea in beef herds from Argentina, demonstrating that this strain is able to infect, spread, and cause diarrhea among our calves, as reported only in India (Ghosh et al. [@CR16]). This uncommon genotype was previously reported once in Argentina in 2006, from a dairy calf without other epidemiological significance (Garaicoechea et al. [@CR14]).

Bovine CoV infection rate in dairy herds was low (0.48%) but similar to other regions of Argentina (Bok et al. [@CR11]). In beef herds, negative results may be related to the production system where a less overcrowding, better colostral immunoglobulins levels and environmental conditions, can have a negative impact in the biological cycle of BCoV. Phylogenetic analysis of the S2 BCoV gene of the SalVLD strain showed a high similarity (96%) with other BCoV found in different regions of Argentina and also grouped separately from the Mebus strain as has been previously observed (Bok et al. [@CR11]).

Data reported here emphasize the importance of conducting surveys in unexplored regions of the country, since these viruses affect the productivity of bovine production systems and human health. Also, it is an important highlights that epidemiology of rotavirus and coronavirus could be affected by the type of the region and productive system.
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